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DETAILED ACTION 

1. Claims 1-44 are presented for examination in this application (10/620,748) filed 
on July 16, 2003. 

2. Objection Specification 

3. The specification is objected to as failing to provide proper antecedent basis for 
the claimed subject matter. See 37 CFR 1 .75(d)(1) and MPEP § 608.01 (o). Correction 
of the following is required: 

Claim 1 recites the limitation of "a computer readable medium." However, the 
specification of the disclosure is completely silent on the subject matter of "computer 
readable medium." It does not even cite the term "computer readable medium," let 
alone providing explanations regarding what constitutes "a computer readable 
medium." 

Claim Rejections - 35 USC § 101 

4. Claim 18 is rejected under 35 U.S.C. 101 because the claimed invention is 
directed to non-statutory subject matter. 

Claim 18 recites "wherein the computer-readable medium includes wireless 
or other communications medium." 

As such. Claim 18 is directed to a computer readable medium including wireless 
medium where data signal embodied in a carrier wave. This subject matter does not fall 
within a statutory category of invention because it is neither a process, machine, 
manufacture, nor a composition of matter. Instead, it is directed to a form of energy. 
Forms of energy do not fall within a statutory category since they are clearly not a series 
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of steps or acts to constitute a machine, not a tangible physical article or object which is 
some form of matter to be a product and constitute a manufacture, and not a 
composition of two or more substances to constitute a composition of matter. 

Claim Rejections - 35 USC §112 

5. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

6. Claim 20 recites the limitation "the CAS-based non-blocking deque 
implementation of claim 19." However, claim 19 is totally silent on the element "CAS." 
There is insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 102 

7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this cxDuntry, or patented or described in a printed 
publication in this or a foreign country, before the invention tliereof by tine applicant for a patent. 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another 
filed in the United States before the invention by the applicant for patent or (2) a patent granted on an 
application for patent by another filed in the United States before the invention by the applicant for patent, 
except that an international application filed under the treaty defined in section 351(a) shall have the effects 
for purposes of this subsection of an application filed in the United States only if the international application 
designated the United States and was published under Article 21(2) of such treaty in the English language. 

8. Claims 1-4, 6-10, 12-14, 16-22, 24, 26-33 and 35-44 are rejected under 35 
U.S.C. 102(a), as well as under 35 U.S.C. 102(e), as being anticipated by Martin et al. 
(US Patent Application Publication 2001/0047361, hereinafter referred to as Martin). 

As to claim 1, Martin discloses a computer readable medium encoding of a 
data structure implementation [A computer program product encoded in at least one 
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computer readable medium, the computer program product comprising: ... (Claim 57)], 
the encoding comprising: 

a definition of a double-ended array instantiable in memory [as shown in figure 1 ; 
An important abstract data structure in computer science is the " double-ended queue " 
(abbreviated "deque" and pronounced "deck"), which is a linear sequence of items, 
usually initially empty, that supports the four operations of inserting an item at the left- 
hand end ("left push"), removing an item from the left-hand end ("left pop"), inserting an 
item at the right-hand end ("right push"), and removing an item from the right-hand end 
("right pop") (paragraph 0006)]; and 

a functional encoding of opposing-end access operations [the corresponding 
"opposite-end" comprises the "left hat" (figure 1 , 103) and the "right hat " (figure 1 , 
1 04)] that, when executed on respective one or more processors that access the 
memory, provide concurrent push-type and pop-type access at at least one of 
the opposing ends and concurrent [as shown in figure 1 ; An important abstract data 
structure in computer science is the " double-ended queue " (abbreviated "deque" and 
pronounced "deck"), which is a linear sequence of items, usually initially empty, that 
supports the four operations of inserting an item at the left-hand end (" left push "), 
removing an item from the left-hand end (" left pod "), inserting an item at the right-hand 
end (" right push "), and removing an item from the right-hand end (" right pop ") 
(paragraph 0006)], opposing-end accesses are non-interfering for at least some 
states of the array [as shown in figure 1 , the left hat and the right hat are operating on 
different elements located at the opposite ends, thus non-interfering with each other], 
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wherein the data structure implementation is linearizable and non-blocking [A set 

of structures and techniques are described herein whereby an exemplary concurrent 
shared object, namely a double-ended queue (deque), is implemented. Although non- 
blocking, linearizable deque implementations exemplify several advantages of 
realizations in accordance with the present invention , the present invention is not 
limited thereto (paragraph 0018)], and wherein concurrent execution of the access 
operations is mediated using a single-target synchronization primitive 
[The Hat Trick deque requires only a single DCAS for most pushes and pops 
(abstract); Accordingly, one advantage of some implementations in accordance with 
the present invention is that in typical execution paths of both access and spare node 
maintenance operations, onlv a single synchronization operation is reauired (paragraph 
0039); Concurrent Shared Object Implemented Using a Linked-List with Amortized 
Node Allocation (title); Furthermore, although various non-blocking, linearizable deque 
implementations described herein employ a particular synchronization primitive, 
namely a double compare and swap (DCAS) operation, the present invention is not 
limited to DCAS-based realizations (paragraph 0019); In other realizations, a 
synchronization primitive such as a CAS can be used to ensure a precise count 
(paragraph 0123); we first use a CAS primitive to set the next node's value field to the 
distinguishing value RY (lines 5-7). The reason for using a CAS instead of an ordinary 
store is that we can determine the value ovenA^ritten when storing the RY value 
(paragraph 0141)]. 
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As to claim 2, Martin teaches that the data structure encoding of claim 1, 
wherein the concurrent opposing-end access operations are non-interfering for 
all but boundary condition states of the array [We begin by describing the operation 
of "normal" push and pop operations that do not encounter any boundary cases or 
concurrent operations. Later, we describe special cases for these operations, 
interaction with concurrent operations, and operations for growing and shrinking the list 
(paragraph 0104)]. 

As to claim 3, Martin teaches that the data structure encoding of claim 1, 
wherein the non-blocking implementation is obstruction-free, though not wait- 
free or lock-free [as shown in figure 1 , the left hat and the right hat are operating on 
different elements located at the opposite ends, thus obstruction-free; and when both 
of them try to access the same element, then only one may access and 
synchronization is needed, hence not wait-free or lock-free]. 

As to claim 4, Martin teaches that the data structure encoding of claim 1, 
wherein the single-target synchronization primitive employs a Compare-And- 
Swap (CAS) operation [In other realizations, a synchronization primitive such as a 
CAS can be used to ensure a precise count (paragraph 0123); we first use a CAS 
primitive to set the next node's value field to the distinguishing value RY (lines 5-7). 
The reason for using a CAS instead of an ordinary store is that we can determine the 
value overwritten when storing the RY value (paragraph 0141)]. 

As to claim 6, Martin teaches that the data structure encoding of claim 4, 
wherein the single-target of the single-target synchronization primitive includes 
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a value encoding for an element of the array and a version number encoded 
integrally therewith [The "compare-and-swap" operation (CAS) typically accepts three 
values or quantities: a memory address A, a comparison value C, and a new value N 
(paragraph 0012); Furthermore, although various non-blocking, linearizable deque 
implementations described herein emplov a particular svnchronization primitive, 
namely a double compare and swap (DCAS) operation , the present invention is not 
limited to DCAS-based realizations (paragraph 0019); In other realizations, a 
svnchronization primitive such as a CAS can be used to ensure a precise count 
(paragraph 0123); we first use a CAS primitive to set the next node's value field to the 
distinguishing value RY (lines 5-7). The reason for using a CAS instead of an ordinary 
store is that we can determine the value overwritten when storing the RY value 
(paragraph 0141)]. 

As to claim 7, Martin teaches that the data structure encoding of claim 1, 
wherein the double-ended array implements a deque [An important abstract data 
structure in computer science is the " double-ended queue " (abbreviated " deque " and 
pronounced "deck") ... (paragraph 0006)]. 

As to claim 8, Martin teaches that the data structure encoding of claim 1, 
wherein the opposing-end access operations are at least consistent with 
semantics of a FIFO queue [Many variations, modifications, additions, and 
improvements are possible. For example, while various full-function deque realizations 
have been described in detail, realizations of other shared object data structures, 
including realizations that forgo some of access operations, e.g., for use as a FIFO , 
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queue, LIFO, stack or hybrid structure, will also be appreciated by persons of ordinary 
skill in the art (paragraph 0153)]. 

As to claim 9, Martin teaches that the data structure encoding of claim 1, 
wherein the boundary-condition states include an empty state [Except in a special 
case, which is described later, two shared pointers, hereafter RHat and LHat, point to 
the right and left sentinels, respectively. For an empty state of the deque, left and right 
sentinels are adjacent. Thus, FIG. 10A depicts one representation of an empty deque 
(paragraph 0100)]. 

As to claim 10, Martin teaches that the data structure encoding of claim 1, 
wherein the boundary-condition states include a single element state [A DCAS 
failure means that either the hat has been moved by another push or pop at the same 
end of the queue or (in the case of a single element deque ) the targeted node was 
popped from the opposing end of the deque. In either case, the pop_right operation 
loops for another attempt (paragraph 0088)]. 

As to claim 12, Martin teaches that the data structure encoding of claim 11, 
wherein the boundary-condition states include a full state [The deque is initially in 
the empty state (following invocation of make_deque( )), that is, has cardinality 0, and is 
said to have reached a full state if its cardinality is maxJength_S. In general, for deque 
implementations described herein, cardinality is unbounded except by limitations (if any) 
of an underlying storage allocator (paragraph 0054)]. 

As to claim 13, Martin teaches that the data structure encoding of claim 11, 
wherein the opposing-end accesses include opposing-end, push-type accesses; 



Application/Control Number: 10/620,748 Page 9 

Art Unit: 2186 

and wherein the boundary-condition states include a nearly full state [An 

important abstract data structure in computer science is the " double-ended queue " 
(abbreviated "deque" and pronounced "deck"), whicli is a linear sequence of items, 
usually initially empty, that supports the four operations of inserting an item at the left- 
hand end ("left push"), removing an item from the left-hand end ("left pop"), inserting an 
item at the right-hand end ("right push"), and removing an item from the right-hand end 
("right pop") (paragraph 0006); Ideally, operations on one end of the deque would 
never impede operations on the other end of the deque unless the deque were nearly 
empty (containing two items or fewer) or, in some implementations, nearlv full 
(paragraph 0009)]. 

As to claim 14, Martin teaches that the data structure encoding of claim 1, 
wherein distinct left null and right null distinguishing values are employed to 
identify free elements of the array [as shown in figure 1 , the left hat and the right hat 
are operating on different elements located at the opposite ends, thus indicating free 
elements; if both of them are pointing to the same element, then it is an indication that 
there is no free element]. 

As to claim 16, Martin teaches that the data structure encoding of claim 1, 
embodied as a software component combinable with program code to provide the 
program code with non-blocking access to a concurrent shared object [A 
concurrent shared object representation encoded in one or more computer readable 
media, the concurrent shared object representation comprising: ... (Claim 56)]. 
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As to claim 17, Martin teaches that the data structure encoding of claim 1, 
embodied as a program executable to provide non-blocking access to a 
concurrent shared object [Concurrent Shared Object Implemented Using a Linked- 
List with Amortized Node Allocation (title); Although non-blocking, linearizable deque 
implementations exemplify several advantages of realizations in accordance with the 
present invention , the present invention is not limited thereto (paragraph 0018); Claims 
56-57]. 

As to claim 18, Martin teaches the data structure encoding of claim 1, 
wherein the computer readable medium includes at least one medium selected 
from the set of a disk, tape or other magnetic, optical, or electronic storage 
medium and a network, wireline, wireless or other communications medium [The 
computer program product of 57, wherein the at least one computer readable medium 
is selected from the set of a disk, tape or other magnetic, optical, or electronic storage 
medium and a network, wireline, wireless or other communications medium (Claim 
62)]. 

As to claim 19, it recites substantially the same limitations as in claim 1 , and is 
rejected for the same reasons set forth in the analysis of claim 1 . Refer to "As to claim 
1" presented earlier in this Office Action for details. 

As to claim 20, it recites substantially the same limitations as in claim 3, and is 
rejected for the same reasons set forth in the analysis of claim 3. Refer to "As to claim 
3" presented earlier in this Office Action for details. 

As to claim 21 , it recites substantially the same limitations as in claim 2, and is 
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rejected for the same reasons set forth in the analysis of claim 2, Refer to "As to claim 
2" presented earlier in this Office Action for details. 

As to claim 22, it recites substantially the same limitations as in claim 6, and is 
rejected for the same reasons set forth in the analysis of claim 6. Refer to "As to claim 
6" presented earlier in this Office Action for details. 

As to claim 24, it recites substantially the same limitations as in claim 4, and is 
rejected for the same reasons set forth in the analysis of claim 4. Refer to "As to claim 
4" presented earlier in this Office Action for details. 

As to claim 26, Martin teaches the non-blocking deque implementation of 
claim 19, wherein at least some concurrently executed access operations 
interfere with each other; and wherein the interfering concurrently executed 
access operations are each retried [as shown in figure 1, the left hat and the right 
hat are operating on different elements located at the opposite ends, thus obstruction- 
free; and when both of them try to access the same element, then only one may 
access and synchronization is needed; If one or more other executions of push_right 
operations intervene and consume the newly allocated nodes, this retry behavior will 
again note the shortage and again call upon add_right_nodes to allocate more nodes 
until eventually there is at least one (paragraph 0085)]. 

As to claim 27, Martin teaches the non-blocking deque implementation of 
claim 26, wherein the non-blocking deque implementation does not guarantee 
that at least one of the interfering concurrently executed access operations 
makes progress [as shown in figure 1 , the left hat and the right hat are operating on 
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different elements located at the opposite ends, thus obstruction-free; and when both 
of them try to access the same element, then synchronization is needed, hence not 
wait-free or lock-free]. 

As to claim 28, Martin teaches the non-blocking deque implementation of 
claim 27, wherein a separate contention management facility is employed to 
ensure progress in a concurrent computation that employs the deque 
implementation [Concurrent Shared Object Implemented Using a Linked-List with 
Amortized Node Allocation (title); Furthermore, although various non-blocking, 
linearizable deque implementations described herein employ a particular 
synchronization primitive, namely a double compare and swap (DCAS) operation , the 
present invention is not limited to DCAS-based realizations (paragraph 0019); 
paragraph 0108]. 

As to claim 29, refer it recites substantially the same limitations as in claim 1, and 
is rejected for the same reasons set forth in the analysis of claim 1 . Refer to "As to 
claim 1" presented earlier in this Office Action for details. 

As to claim 30, it recites substantially the same limitations as in claim 1 , and is 
rejected for the same reasons set forth in the analysis of claim 1 . Refer to "As to claim 
1" presented earlier in this Office Action for details. 

As to claim 31 , it recites substantially the same limitations as in claim 2, and is 
rejected for the same reasons set forth in the analysis of claim 2. Refer to "As to claim 
2" presented earlier in this Office Action for details. 

As to claim 32, it recites substantially the same limitations as in claim 3, and is 
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rejected for the same reasons set forth in the analysis of claim 3, Refer to "As to claim 
3" presented earlier in this Office Action for details. 

As to claim 33, it recites substantially the same limitations as in claim 4, and is 
rejected for the same reasons set forth in the analysis of claim 4. Refer to "As to claim 
4" presented earlier in this Office Action for details. 

As to claim 35, it recites substantially the same limitations as in claim 1, and is 
rejected for the same reasons set forth in the analysis of claim 1 . Refer to "As to claim 
1" presented earlier in this Office Action for details. 

As to claim 36, it recites substantially the same limitations as in claim 28, and is 
rejected for the same reasons set forth in the analysis of claim 28. Refer to "As to claim 
28" presented earlier in this Office Action for details. 

As to claim 37, it recites substantially the same limitations as in claim 28, and is 
rejected for the same reasons set forth in the analysis of claim 28. Refer to "As to claim 
28" presented earlier in this Office Action for details. Further, figures 1-14 of Martin 
illustrate the changing occurring the operations. 

As to claim 38, it recites substantially the same limitations as in claim 28, and is 
rejected for the same reasons set forth in the analysis of claim 28. Refer to "As to claim 
28" presented earlier in this Office Action for details. 

As to claim 39, refer it recites substantially the same limitations as in claim 28, 
and is rejected for the same reasons set forth in the analysis of claim 28. Refer to "As 
to claim 28" presented earlier in this Office Action for details. 
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As to claim 40, it recites substantially the same limitations as in claim 1 , and is 
rejected for the same reasons set forth in the analysis of claim 1 , Refer to "As to claim 
1" presented earlier in this Office Action for details, 

As to claim 41 , it recites substantially the same limitations as in claim 27, and is 
rejected for the same reasons set forth in the analysis of claim 27. Refer to "As to claim 
27" presented earlier in this Office Action for details. 

As to claim 42, it recites substantially the same limitations as in claim 28, and is 
rejected for the same reasons set forth in the analysis of claim 28. Refer to "As to claim 
28" presented earlier in this Office Action for details. 

As to claim 43, it recites substantially the same limitations as in claim 1 , and is 
rejected for the same reasons set forth in the analysis of claim 1 . Refer to "As to claim 
1" presented earlier in this Office Action for details. 

As to claim 44, it recites substantially the same limitations as in claim 28, and is 
rejected for the same reasons set forth in the analysis of claim 28. Refer to "As to claim 
28" presented earlier in this Office Action for details. 

Claim Rejections - 35 USC § 103 

9. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 

forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the phor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

10. Claims 5, 25 and 34 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Martin et al. (US Patent Application Publication 2001/0047361 , hereinafter referred 
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to as Martin), and in view of Rowlands (US Patent Application Publication 
2003/0217115). 

Regarding claims 5, 25 and 34, Martin does not teach the single-target 
synchronization primitive employs a Load-Linked (LL) and Store-Conditional (SC) 
operation pair. 

However, Rowlands teaches this limitation in the invention "Load-Linked/Store 
Conditional Mechanism in a CC-NUMA System," where the LL/SC operation pair is 
used for synchronization in a multiprocessor system [paragraphs 0003-0008]. 

Rowlands also teaches that the motivation of using LL/SC as a synchronization 
mechanism is because it allows other processors to access the memory location for 
which the atomic read-mod ify-write is being attempted, which is not permitted in other 
synchronization mechanisms such as atomic read-mod ify-write [With the load- 
linked/store conditional mechanism, other processors may access the memory location 
for which the atomic read-modify-write is being attempted. If a modification occurs, the 
load-linked/store conditional sequence is repeated. When the store conditional 
completes successfully, an atomic read-modify-write of the location has been 
performed (paragraph 0008)]. 

Therefore, it would have been obvious for one of ordinary skills in the art at the 
time of Applicants' invention to use LL/SC as a synchronization mechanism, as 
demonstrated by Rowlands, and to incorporate it into the existing scheme disclosed by 
Martin, in order to allows other processors to access the memory location for which the 
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atomic read-mod ify-write is being attempted, which enhances the overall throughput of 
the system. 

11. Claims 11, 15 and 23 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Martin et al. (US Patent Application Publication 2001/0047361 , hereinafter referred 
to as Martin), and in view of Latour (US Patent Application Publication 2002/0078123). 

Regarding claims 11,15 and 23, Martin does not teach the array is indexable as 
a circular array. 

However, Latour teaches this limitation in the invention "Method and Apparatus 
for Resource Access Synchronization" [The sequence of mutexes can be held in an 
array, a ring buffer, a linked list, a circular linked list , or any other suitable data 
structure that enables the order to be preserved (paragraph 0024); FIG. 9 illustrates 
the storage approach used in preferred embodiment of the invention. This uses a 
circular linked list , which is a combination of a bi-directional linked list and a ring buffer 
(paragraph 0054)]. 

Latour also teaches that the motivation of using a circular linked list is because it 
provides more flexibility than other types of storages [The use of the circular linked list 
buffer provides flexibility in that the size of the ring can readily be changed. In this 
manner, the number of storage locations in the ring can readily be changed to take 
account of changing circumstances, while still exercising control over the memory 
required successfully, an atomic read-mod ify-write of the location has been performed 
(paragraph 0054)]. 
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Therefore, it would have been obvious for one of ordinary skills in the art at the 
time of Applicants' invention to use a circular linked list, as demonstrated by Latour, 
and to incorporate it into the existing scheme disclosed by Martin, in order to provide 
more flexibility. 

12. Related Prior Art of Record 

The following list of prior art is considered to be pertinent to applicant's invention, 
but not relied upon for claim analysis conducted above. 

■ Shavit et al., (US 7,000,234), "Maintaining a Double-Ended Queue as a Linked- 

List with Sentinel Nodes and Delete Flags with Concurrent Non-Blocking Insert 
and Remove Operations Using a Double Compare-and-Swap Primitive." 

■ Steele, Jr. et al., (US Patent Application Publication 2001/0056420), "Lock-Free 

Implementation of Concurrent Shared Object with Dynamic Node Allocation and 
Distinguishing Pointer Value." 

■ Hu, (US 6,615,216), "Lock Free Data Structure Maintenance." 

■ Martin et al., (US Patent Application Publication 2006/0161737), "Concurrent 

Technique for Shared Objects." 

■ Harris (US 7,1 1 7,502), "Linked-List Implementation of a Data Structure with 

Concurrent Non-Blocking Insert and Remove Operations." 

■ Bonola (US 6,173,373), "Method and Apparatus for Implementing Stable Priority 

Queues Using Concurrent Non-Blocking Queuing Techniques." 

Conclusion 

13. Claims 1-44 are rejected as explained above. 
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